Although empirical validation of teacher self-efficacy in face-to-face environments continues, it remains a relatively new construct in online education. This literature review, which was conducted over academic databases and which examined work published in the past 15 years, explores three areas of research about teacher self-efficacy in online education: (1) ease of adopting online teaching, (2) online teaching self-efficacy in comparison to demographic and experience variables and (3) changes in teacher self-efficacy in professional development scenarios where self-efficacy was measured before and after treatment. Research studies demonstrate agreement (or no discernible disagreement) in the importance of system/ curriculum quality in the implementation of online learning and the recognition that a measure of self-efficacy in online pedagogy has not yet been empirically derived. Researchers continue to examine the balance of technological and pedagogical knowledge that supports the development of teacher self-efficacy, the role of learner self-efficacy in teacher self-efficacy and whether teacher self-efficacy differs fundamentally in online education. In addition, it seems clear that empirical validation of the association of teacher self-efficacy and student success has yet to occur in online education with the rigour seen in face-to-face modes of delivery.
Introduction
Researchers have suggested that differences in the face-to-face classroom context and the virtual classroom context are profound enough to warrant separate study and comparison of the 'qualities and characteristics of the teaching/learning experience' (Rice 2006, p. 432-433) ; therefore, an examination of the research pertaining to teacher self-efficacy in online education may be justified. Teacher self-efficacy is a measure of the teacher's belief that he/she can affect student success. In the traditional face-to-face classroom, learning and growth in students has been found to closely correlate with teacher self-efficacy (Goddard, Hoy, and Hoy 2000; Tschannen-Moran, Hoy and Hoy 1998) and, since successful student outcomes are at the heart of every educational system, teacher self-efficacy continues to be of interest to both educators and researchers. Teacher self-efficacy is a measure of a person's self-efficacy in the specific context of teaching, and the term 'self-efficacy' was first used by the psychology scholar Albert Bandura (1977) . Bandura sought a unifying theoretical framework to describe the effect of psychological procedures, such as therapy, on an individual. He proposed that procedures should be measured by their alterations of a patient's self-efficacy in level, intensity and generality. His experiments suggested that efficacy expectation is the mechanism by which changes in self-efficacy can be detected, and efficacy expectation was shown to influence outcomes. Bandura further developed self-efficacy in a 2001 paper where human agency was integrated with self-efficacy. Human agency is an individual's belief that he/she has the ability to act in any given environment. Thus, a teacher's self-efficacy can be described as the measure of a teacher's expectation that he/she has the ability and agency to affect student outcomes (Armor 1976; Tschannen-Moran, Hoy and Hoy 1998) .
The first measures of teacher self-efficacy took place with the RAND studies in the 1970s and were based on the work of Rotter (Armor 1976; Rotter 1966; Tschannen-Moran, Hoy and Hoy 1998) . RAND is a global non-profit research organisation that studies public policy and outcomes worldwide. Rotter hypothesised a reciprocal relationship between efficacious behaviour and outcomes. The RAND research was undertaken to determine the input factors that led to success in student reading outcomes. Teacher efficacy emerged as one of the factors. As Bandura's (1977) construct of self-efficacy became more known, researchers noted a significant difference between the Rotter theories (based on efficacious behaviour) and Bandura theories (based on efficacy expectation), and thus a difference in how efficacy had been measured (Dellinger 2005; Dellinger et al. 2008; Leslie 2011; Tschannen-Moran and Hoy 2001; Tschannen-Moran, Hoy and Hoy 1998) . Today, many teacher self-efficacy measurement and teacher efficacy measurement scales are in use. Some may be based on instruments that have not sufficiently accounted for differences in theories. Therefore, it is important to understand how the wording in the survey questions can make a profound impact on the way the results are interpreted.
Researchers agree that the contexts of face-to-face and online education differ greatly to warrant a distinct examination, and this may be especially true for teacher self-efficacy. After all, context is central to the meaningful measurement of selfefficacy. According to Bandura (2005) :
One cannot be all things, which would require mastery of every realm of human life. People differ in the areas in which they cultivate their efficacy and in the levels to which they develop it even within their given pursuits. For example, a business executive may have a high sense of organizational efficacy but low parenting efficacy. Thus, the efficacy belief system is not a global trait but a differentiated set of self-beliefs linked to distinct realms of functioning. (p. 307) In addition to context, environment and task specificity are also central to the meaningful measurement of teacher self-efficacy (Bandura 1997; Dellinger et al. 2008; Gosselin 2009; Leslie 2011; Pajares 1992; Tschannen-Moran and Hoy 2001) . Most teacher self-efficacy measurement instruments used in online education were based on scales internally validated for teachers using a face-to-face mode of education delivery. Most instruments make no mention of knowledge about education technology or knowledge about technology in general (Barbour and Reeves 2009; Newby et al. 2011) . Instead, the instruments were designed to measure general pedagogy or 3 (page number not for citation purpose) content-specific pedagogy. In this context, research strongly suggests a link between teacher self-efficacy and technology use in the classroom (Davis 1989; Kopcha and Alger 2011; Mishra and Koehler 2006; Niederhauser and Stoddart 2001; Vannatta and Fordham 2004; Watson 2006) . Research that ties teacher self-efficacy and technology integration together may be especially important in online education, where technology is central to both teaching and learning. There has been some effort to internally validate teacher self-efficacy instruments specially modified for online education, but nowhere near the specialisation efforts seen in face-to-face education. As such, the purpose of this literature review is to examine the methods of measuring teacher self-efficacy in the context of online education. Three main areas of research were identified in this review: (1) measuring self-efficacy in a teacher's adoption of online teaching, (2) measuring the association of online teaching self-efficacy and demographic/experience variables and (3) measuring changes in teacher self-efficacy before and after a professional development (PD) treatment, which can indicate possible methods of developing online teacher self-efficacy.
Method
The articles used in this literature review were selected from the JSTOR digital library and Education Source and ERIC (EBSCO), which are education-specific databases. A search criterion to select articles for online education was developed in an attempt to overcome the non-standardised nomenclature in the research domain (Corry and Stella 2012) . As such, the first selection criterion was 'online education' OR 'online learning' OR 'virtual school' OR 'cyberschool'. An additional search criterion was added to reflect the dynamic nature of technology and online education; to that end, articles published more than 15 years before were excluded. The last criterion was self-efficacy. As may be expected, this search turned up many articles about learner self-efficacy, which were discarded in a first pass of the selection set in which the titles of the articles were examined. The original selection criteria showed 441 titles in the solution set for Education Source/ERIC and 361 titles in the solution set for JSTOR (with some overlap of titles).
A second pass of the selection set consisted of a close read of the abstracts of the articles. From the second pass, it was determined that the Technology Acceptance Model (TAM) and the Technological Pedagogical and Content Knowledge framework (TPCK or TPACK) were frequently used to measure teacher self-efficacy (Davis 1989; Mishra and Koehler 2006) ; therefore, additional searches including 'technology acceptance model', 'TPCK' and 'TPACK' as additional keywords were performed. The final selection favoured articles about empirical studies, but the references sections of research reviews and other writings were scanned to locate articles from additional databases that might have been missed in the initial searches. Document analysis was used to classify the research studies by research area/theme. The data in all of the studies discussed in this literature review were collected by survey and interview. Dissertations were also included (Hart, 2001) .
Results and analysis
The purpose of this literature review was to examine the methods of measuring teacher self-efficacy in the context of online education. Three main areas of research were identified in this review: (1) measuring self-efficacy in a teacher's adoption of online teaching, (2) measuring the association of online teaching self-efficacy and demographic/experience variables and (3) measuring changes in teacher self-efficacy before and after a PD treatment, which can indicate possible methods of developing online teacher self-efficacy.
Measuring ease of adopting online teaching
Many research studies on teacher self-efficacy in online education were undertaken in order to discover whether teachers might adopt online teaching readily. The TAM model was an effort by Davis (1989) to predict technology integration and usage in business environments. The TAM model originated from the recognition that technology has the power to change organisations and productivity, but people often resisted its adoption. If organisations could predict which individuals might more vigorously resist adopting a particular technology, they could offer training and/or counselling prior to implementation and achieve better results (Davis 1989 ). The TAM model is derived from self-efficacy theory (Bandura 1997 (Bandura , 2001 , behavioural decision theory (Beach and Mitchell 1978) and the Channel Disposition Model (Swanson 1987 ). The TAM, as a survey instrument, queries perceived usefulness of technology and perceived ease of use. The TAM uses the language of human agency in questions about perceived ease of use. For example, one of the questions on the TAM survey is, 'Learning to operate CHART-MASTER will be easy for me' (Davis 1989, p. 340) . This question asks a survey participant to quantify the belief that he/she has the ability to act, which was defined by Bandura as the human agency construct of self-efficacy (2001).
The TAM model is often used to understand teacher behaviour in online education. A derived TAM model, the 3-TUM model, was used in a 2007 study (Liaw, Huang, and Chen 2007) to measure the association between teacher self-efficacy and the intention to use e-learning. A total of 30 teachers participated in the study. According to the findings, satisfaction with the quality of the technology influenced teacher self-efficacy, and self-efficacy emerged as a predictor of teacher intent to use e-learning in the classroom. The finding about system satisfaction was supported in later studies of a similar structure using the TAM (Al-Sayyed and Abdalhaq 2016; Waheed 2010). One study of 152 in-service teachers contradicted the TAM model and found that ease of use was a predictor of e-learning adoption, but usefulness of e-learning was not (Yuen and Ma 2008) . Student academic outcomes were not measured in any of the studies, and self-efficacy was not defined explicitly as a construct in the reports. Nevertheless, these efforts add to the understanding of teacher behavioural intention and may generalise across primary/secondary and higher education teachers because they examine teachers and not students. The impact of the quality of technology systems and technical support on teacher self-efficacy, as reported in many of the research studies, is notable. As such, administrators must ensure adequate testing/quality of systems and usable technical support when transitioning teachers to online education.
Besides measures of self-efficacy revealed in the use of the TAM, Lin and Zheng (2015) conducted a study of PD for online primary/secondary teachers and their adjustment to teaching in the online environment. The researchers used a survey which queried instructional practice, instructional self-efficacy, technology self-efficacy and PD. Their results showed a correlation between content-related 5 (page number not for citation purpose) instruction practices and instructional self-efficacy, which seems logical. In addition, teachers indicated a desire for more technology PD about transitioning their courses from face-to-face to online teaching. This study drew a distinction between instructional self-efficacy and technology self-efficacy, which raises a question about whether there is a best-practice distribution of teacher instructional selfefficacy and teacher technological self-efficacy that translates into student success in the classroom. Additional studies supported the result of a desire for technology-related PD -both in transitioning courses, as in this study, and in the study of online pedagogy in general (Horvitz et al. 2015; Lee and Tsai 2010; Robinia and Anderson 2010) .
Measuring association of teacher self-efficacy and demographics/experience
Teacher self-efficacy measurement instruments, which were developed for use in the face-to-face context, were used as the basis for instruments designed for use in online education when measuring self-efficacy in association with teacher demographics/ experience. The Michigan Nurse Educators Sense of Efficacy for Online Teaching (MNESEOT) (Robinia and Anderson 2010) , which used factor analysis to confirm four factors for self-efficacy, has been used to compare self-efficacy against demographic variables and experience for online teachers in higher education. The MNESEOT was based on the Teacher's Sense of Self-Efficacy Scale (Tschannen-Moran and Hoy 2001), which was modified to better suit the online education environment. The four factors were online student engagement, self-efficacy in online instructional strategies, self-efficacy for online classroom management, and self-efficacy in the use of computers. The results were compared against demographic and experience factors. One study using the MNESEOT showed no significant difference in self-efficacy factors for gender or age (Robinia and Anderson 2010); however, another study using the MNESEOT showed higher self -efficacy in online student engagement for female instructors (Horvitz et al. 2015) . Both studies found a significant correlation between the number of courses taught online and online teacher self-efficacy, which suggested that experience in online education might impact teacher self-efficacy. Another study using a different instrument supported these findings about teacher experience; the study by Lee and Tsai (2010) used the Technological Pedagogical Content Knowledge-Web (TPCK-W) framework. The results suggested that teachers with more web experience had higher self-efficacy in terms of TPCK-W, but older teachers had lower self-efficacy. The TPCK-W was a modified form of the Technological Pedagogical And Content Knowledge framework questionnaire (TPACK) (Mishra and Koehler 2006) , which replaced the technology questions with questions specific to web-based online teaching. The TPACK was an effort to represent the contribution of technological knowledge to pedagogical knowledge and content knowledge in teaching (Shulman 1987 ). The TPACK model combined three domains of expertise -technology, pedagogy and content -to create the following new knowledge domains: technological-pedagogical, pedagogical-content, content-technological and technological-pedagogical-content. A common criticism of this model (and for the underlying pedagogical content knowledge model) is the lack of defining characteristics among the knowledge domains (Burgoyne, Graham, and Sudweeks 2010; Graham 2011) ; however, many versions of the instrument have been internally confirmed (Smith 2010) . Not all TPACK instruments in research studies in online education used the word, 'self-efficacy', though they used the language of self-efficacy. For example, individual survey items in one version of the TPACK began with 'my ability to…', which refers to the human agency component defined by Bandura (2001) . Instruments designed to measure the self-efficacy of components of the TPACK had varied levels of success, with researchers recommending some changes to the instrument (Burgoyne, Graham, and Sudweeks 2010; Smith 2010) . Despite the continued question of internal validity, the TPACK may be of interest to researchers in online education because online education is a pedagogy immersed in technology. Participants in the TPCK-W study included 558 primary/secondary online teachers. They did not seem to encounter difficulties in distinguishing knowledge domains as was seen in other studies that attempted to use the TPACK with online teachers; as such, validity and reliability measures were found to be satisfactory for the instrument. In this study, however, the web-pedagogical knowledge scale was not maintained, which may indicate that teachers are comfortable with the technology, but not entirely comfortable with the pedagogy of online instruction. In addition, the study results found a correlation between teacher self-efficacy and positive attitudes towards online teaching.
Changes in self-efficacy
Changes in teacher self-efficacy measured by various instruments before and after an online teacher education event have been reported in the literature. The findings may suggest that online teacher education programmes and PD delivered online (or focused on technology in particular) are beneficial in developing online teacher self-efficacy (Chai, Koh, and Tsai 2010; Graham, Borup, and Smith, 2012; He 2014; Hernandez et al. 2014; Hung et al. 2010 ; Moore-Adams and Jones, 2015; Woodcock, Sisco, and Eady 2015; Wright 2011 ).
The TPACK model in online education is used to understand teachers who are already involved in e-learning (online teachers) and also to develop ways to increase the TPACK of teachers in order to prepare them to teach in a technology-rich culture. In a 2009 research study of 596 primary/secondary (also known as K-12) online teachers using the TPACK to measure self-efficacy, teachers rated highest their knowledge in pedagogy, content and pedagogical content. Teachers were less sure of their ability to troubleshoot equipment issues with students and to connect leaners with content using technology; however, exceptionally high and exceptionally low correlations of the TPACK components suggested that more research would be needed to determine whether the TPACK model was valid in online education (Archambault and Crippen 2009; Archambault and Oh-Young 2009) . A later study used the same data to further examine the results. Outcomes from a factor analysis of the data suggested that the seven domains of the TPACK were not distinguishable in online education (Archambault and Barnett 2010) , which called into question its use as a measurement instrument. Given the low correlations in the technology-based components of the TPACK, the following teacher education recommendations were released:
When considering the application of TPACK to online and blended environments specifically, focus should be centered on technical considerations (technological aspects that impact the extent to which technology facilitates student learning), differences in online pedagogy (the differences in teaching strategies that have to be implemented when adapting curriculum to an online environment, including fostering student interaction, the role of the teacher, and assessment of student 7 (page number not for citation purpose) learning outcomes), and principles of instructional design (sufficiently knowing a particular content to be able to use adopted technology to develop and offer quality online teaching). (Archambault, DeBruler, and Freidhoff 2014, p. 87) Researchers in a study of pre-service teachers (Chai, Koh, and Tsai 2010) noted a similar difficulty with TPACK knowledge domains wherein participants experienced some difficulty in distinguishing among them. In the study, pre-service teachers completed the TPACK before and after a TPACK-based educational technology course, and the results were compared. Gains in self-efficacy were statistically significant, but some pre-service teachers did not yet have enough pedagogical knowledge to make sense of the technology in an integrated way. Researchers recommended that technology instruction should be integrated with both methodological and content instruction to maximise teacher self-efficacy. Other studies suggested that lack of content knowledge hindered the TPACK development of the self-efficacy of pre-service teachers (Graham, Borup, and Smith 2012) to the extent that one study eliminated it altogether (Kontkanen et al. 2016) . One successful TPACK-based online teacher certificate programme did not reflect a content integration challenge; however, it was a master level programme (MA) where pedagogical self-efficacy and content self-efficacy may already have been developed (Moore-Adams and Jones 2015). Clearly, the TPACK is a notable contribution to the measure of self-efficacy in online education, especially in the area of evaluating teacher education programmes; however, more research is needed to verify its validity in online education.
The research studies in this review described how measures of teacher self-efficacy might be used in predicting ease of adoption of online education, possible associations of the measures among demographic and experience variables, and the use of teacher self-efficacy as an evaluative measure of online teacher education programmes. Findings converge on areas of agreement among researchers, but many questions about teacher self-efficacy and student success in online education remain.
Discussion
Three main areas of research about online teacher self-efficacy were identified in this review: (1) measuring self-efficacy in a teacher's adoption of online teaching, (2) measuring the association of online teaching self-efficacy and demographic/experience variables and (3) measuring changes in teacher self-efficacy before and after teacher education or PD. Research results show agreement (or no discernible disagreement) in the importance of quality implementation and the recognition that a measure of self-efficacy in online pedagogy has not yet been clearly defined and validated.
Because satisfaction with the quality of online education curriculum and technology was found to be a factor in the ease of adopting online education, adequate testing of an online delivery system and deployment/maintenance of a high-quality technical support system are strongly recommended. In addition, a standardised system of curriculum evaluation, such as Quality Matters (as in Wright 2011), is recommended as a process and framework for continuous evaluation of online curriculum.
Because a measure of self-efficacy in online pedagogy was not clearly defined and validated over all three main areas of research, more exploration of the construct is recommended. In the literature about teacher adoption of online education, results from Lin and Zheng (2015) indicated that teachers who transitioned from face-toface teaching to online teaching desired more PD in the integration of content with technology and the design of online instruction. Furthermore, findings indicated correlations among instructional self-efficacy, technology self-efficacy and teaching practices. The researchers suggested that online teachers perceived their role as managerial and social, which was related to non-content-related teaching practices. In addition, participants indicated that they changed their pedagogy in the transition to online education; they were more flexible with their time, prepared more thoroughly for synchronous sessions (in order to use the time well) and responded more quickly to student feedback. These findings indicate that a specific pedagogy may be needed to successfully transition from face-to-face education to online education. In the studies about demographics/experience variables, teachers with more experience teaching online had higher measures of self-efficacy (Horvitz et al. 2015; Lee and Tsai 2010; Robinia and Anderson 2010) ; however, attempts to internally validate instruments in the online context suggested that there may exist a measure of self-efficacy in online instruction, which is yet not defined and validated (Lee and Tsai 2010) . In the area of measuring changes in teacher self-efficacy before and after teacher PD and education programmes, studies again raise the question of whether there is an undefined component, which defines self-efficacy for online teaching (Chai, Koh, and Tsai 2010; Hernandez et al. 2014; Hung et al. 2010; Moore-Adams and Jones, 2015; Woodcock, Sisco, and Eady 2015) .
It should be noted that an association between teacher self-efficacy and quantitative student outcomes in online education has not been empirically validated over a wide variety of studies with the rigour it has seen in face-to-face education (noted by examination and in the Robinia and Anderson study). In addition, other research studies about learner self-efficacy suggest that it affects outcomes significantly in online education (see DeTure 2004; Kuo et al. 2013; Roblyer and Marshall 2003; Tseng and Kuo 2014 and others) ; therefore, it may be valid to further investigate whether the association between teacher self-efficacy and learner outcomes is comparatively more/ less significant in online education and whether differences exist between primary/ secondary environments and higher education. It is possible that the significant role of learner self-efficacy in online education (noted as self-direction, learner independence, motivation, academic ability and other descriptors by Barbour and Reeves, who published a comprehensive review of the literature in 2009) affects the association.
A persistent question in the development of education programmes for online teachers is as follows: what balance of online knowledge domains -among pedagogy, content and technology -has the most likelihood of success? Research also suggests that the order in which subjects are taught -pedagogy, content, technology and others -has some bearing on the successful development of self-efficacy in online teachers (Chai, Koh, and Tsai 2010; Graham, Borup, and Smith 2012; Kontkanen et al. 2016) ; as such, it may be beneficial to examine the structure of entire teaching programmes instead of focusing on individual courses.
Finally, many researchers have noted a subtle but consequential difference in the nomenclature of the self-efficacy construct whereby some researchers have used the terms 'teacher self-efficacy' and 'teacher efficacy' interchangeably. Teacher efficacy has been found to affect student outcomes; however, teacher efficacy differs from teacher self-efficacy. Teacher efficacy is a measure of the degree to which a teacher believes he/she has the ability to perform correctly the tasks suggested as best practices in teaching. In other words, teacher efficacy is based on expectations of efficacy (as in Gibson and Dembo 1984) , while teacher self-efficacy is based on expectations of outcomes (Dellinger et al. 2008; Leslie 2011; Tschannen-Moran, Hoy and Hoy 1998; Woolfolk and Hoy 1990) . Most teacher self-efficacy measurement 9 (page number not for citation purpose) instruments in this review were based on scales internally validated for teachers using a face-to-face mode of education delivery. There has been some effort to internally validate teacher self-efficacy instruments specially modified for online education, but nowhere near the specialisation efforts seen in face-to-face education. In addition, nomenclature is a continual challenge in that it is unclear whether the studies of self-efficacy for online teachers distinguish between teacher efficacy (efficacious behaviour) and teacher self-efficacy (efficacy expectation); this is a compelling question for future research and discussion.
Clearly, underexplored research topics abound in the domain of teacher selfefficacy in online education. Given its influence on student outcomes in face-to-face education, efforts to understand it in online education must continue.
Conclusion
While online learning continues to grow in primary/secondary and higher education, the goal of educators remains the same: positive outcomes for students. This review identified several themes in the literature, such as the importance of quality in both the technology and the curriculum of online education and the need for more research in defining and specifying the construct of self-efficacy in online education. It also revealed many unanswered questions pertaining to best practices in teacher education programmes and the need to further examine correlations between teacher self-efficacy and student outcomes. As such, any investigation into the association between teacher self-efficacy and student outcomes in online education could bring much new knowledge to the field. In addition, designers of teacher education programmes and PD courses may benefit from research that explores an optimal balance of technology, pedagogy and content curriculum in online teaching. By definition, teacher self-efficacy is malleable (Bandura 1997 ) and research has demonstrated its association with student outcomes (Goddard, Hoy, and Hoy 2000; Tschannen-Moran, Hoy, and Hoy 1998) . As such, teacher self-efficacy is an appealing concept to teachers because it is based on factors that are often in the teacher's control (such as student behaviour management or knowledge of content-specific pedagogical strategies). It is appealing to researchers because its empirically validated foundation is most often based on social cognitive theory (Bandura 1977) , which is an area of human psychology that has been subject to extensive empirical scrutiny over the years and has remained relatively intact. Given its role in affecting student outcomes for face-to-face learning, it seems logical to propose that the construct of teacher self-efficacy offers an opportunity for fruitful research in the field of online education. The findings of this literature review support this proposition and invite additional research in this area. Thus, additional research and programmes designed to improve teacher self-efficacy in online learning are worth the allocation of time and resources as they can lead to greater student success.
